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2 
3 
4 

5 FIELD OF THE INVENTION 



15 
16 



Spedficadon 

"PROGRAMMABLE MASKING APPARATUS" 



This invention idaics gencraUy to a piograamable masking ^params and more 
particulariy to a liquid crystal based, electronically programmable high resolution 
masking device and method, for . use in conjunction witii image generation and image 

10 transfer systems. 

11 ^ 

12 A specific appUcarion of tiie present invention relates to programmable masking 

13 devices for use in conjunction witii exposure systems for tiie purpose of generating 

14 photolithographic images on photosensitive surfaces. 



An even more specific appUcation of the present invention relates to 

17 programmable reticles or masks for use in conjunction with ultraviolet exposure systems 

18 in ±c photoUtixographic processes associated with semiconductor manufacturing. In tins 

19 specific application of die present invention, such programmable reticles or masks 

20 utilize a Uquid crystal micro-array of programmable pbcels to define die desired opaque 

21 and transparent patterns of die reticles or masks. 



22 
23 

24 DESCRIPTION OF PRIOR ART 

25 
26 



PhotoUtiiogr^hic pattern generation rcUes mostiy on optical exposure systems 

27 which transfer fixed patterns, previously defined on masking devices, to photosensitive 

28 target surfaces in the form of latent images. Such photoUtiiogr^hic pattern generatioD 

29 is widely used in die industry in large volume processes requiring pattern repUcation. 
30 

31 A major application of tins technology is found in die scnaicondnctor industrj 

32 where such masking devices typicaUy consist of glass or quartz snbsiiaics wherein du 

33 desired patterns are defined on hard surfiu» films such as chrome or iron oxide. Thes^ 
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1 films znnst be opaque to the nlm violet light zeqoired for the operation of the wafe: 

2 exposure systems used in die nriaoTithogr^hy of semicondDCtor wafers. In thL' 

3 app li c ation, such masking devices aie used in two disrina configurations. In the firs: 

4 configura t i on , known as a mask, the masking device oampdscs a large number of 

5 identical patterns, where each pattern coizesponds to a semiconductor device or dicuit 

6 In the second configuration, kaown as a reticle« tiie masking device Q^icaUy'^on^nses 

7 the patterns canesponding to one integrated cxrcuiL Masks aze used with wafer 

8 e}q)osure systems winch ttansfir the mask pattems to a wafier surface in a single 

9 qperatioxL Reticles are used with wa&r e^qxisure systems known as wafer steppers 

10 which transfer die pattern on die redde to a large number of sites on the wafer by 

11 sequentially stepping from site to site and repeating the exposure operadon at each site. 
12 

13 In accordance with present technology, these masks and reticles are typically 

14 fabricated with electron beam writing systems which, by means of photolidiographic 

15 techniques, translate computer aided design (CAD) data into permanent pattems on the 

16 surface of the transparent substrate. 
17 

18 The complete wafer fabrication process for each specific device or integrated 

19 circuit requires a set of masks and/or reticles which comprises all the patterning layers 

20 required by the specific fabrication process. Depending upon technology, die number of 

21 these laycn may vary firom a few, for very simple processes, to approximately 30 for 

22 very complex processes, with 12 to 16 being typical for most integrated circuit process 

23 technologies. 
24 

25 Masks and reticles currendy range in cost from $400 to over $1,500 and Qrpically 

26 take two weeks to obtain when ordered from cormaerdal suppliers. In addition, 

27 integrated circuit layouts are often revised, requiring the generation of new sets of 

28 masks and/or reticles with each revision. As a result, wafer fabrication facilities arc 

29 often burdened widi substantial mask and reticle inventory costs. Further, the delays 

30 associated wirii the introduction of new Tnacirc and/or reticles delay the introduction of 

31 new products and product irxqsrovements, severely limiting potential profitability. 
32 

33 To perform die photofidiographic processes of y ^^rnr^ n^^i^fyf fabrication, the 

34 majclm nnH/nr Tv»ti/«lM 4met«ll«w4 ;«« - ^ ^ ^^^^ % — £ .i -» 
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1 to accommodate the prodncrion leqmicmems of a large combinaiion of layers an. 

2 products. Tlttse fteqiient changes xesnk in substantial setup time pcoalt^^ 

3 reduction in productivity of the assodaied exposure systems, which normally range i 

4 cost ftom $500,000 to over $1,000,000 each. 

5 . ^ . 

6 For several years the semiconductor industry has been searching for cost cffcctiv. 

7 means of directly translating, in real time, computer aided design (CAD) data int. 

8 patterns on die wafers. Direct electron beam writing systems can technicaUy pcrforr 

9 tins task. However, tiieir costs are in die miffions of dollars and tiieir tiiroaghputs ^ 

10 limited to a few wafers per hour conqjared to 30 to 60 wafers per hour for ultra viole 

11 exposure systems. Tliese constraints make direct electron beam writing a cos 

12 ineffective technology for wafer manufacturing. To date, die practical use of sucl 

13 direct electron beam writing systems has been limited to research projects to di. 

14 commercial production of masks and reticles for use in conjunction witii ultraviole 

15 exposure systems. 
16 

17 The conventional technology which is based upon tiic use of fixed masks an< 

18 reticles in conjunction witii ultra violet exposure systems has proven to be a co5 

19 effective technology in producing semiconductor products in large volume. However, : 

20 suffers ftom a number of disadvantages, most significandy: 
21 

22 (a) The inabiUty to image direcdy onto a wafer surface, patterning data provide 

23 by a computer system, diereby seriously impairing the evolution of custor 

24 integrated circuit technologies and wafer scale integration. Wafer seal 

25 integration, is a technology outiined in funher detail under die sectio 

26 covering die objects and advantages of die present invention. 
27 

28 (b) Hie requirement for maintaining and managing large inventories of masks an 

29 reticles to support a ^cal wafer fabrication facility. 
30 

31 (c) TTie substantial ejqwnditures assodated" wirii die continuing need to genera 

32 new masks and reticles to support product updates and irrqnovemcnts. 



33 



TV,. .HHtrinnal two wMsk tvnical dclav in die introduction of new prodnc 
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1 and pnxiDCt jvemMUS rBsnltiiig from the dine necessary for the 

2 generation of nc masks and reticles. 
3 

4 (e) The prodncnvity losses due to the setup times assodated with the frequent 

5 changes a£ masks and leticles which axe typically leqoiied in the course of 
5 the normal pperatibn of a wafer processmg facility. 

7 

8 (f) The inability to siqjpon pattern repair process technology. Such technology 

9 could provide the. r"***"" for achieving substantial yield increases in the 
XO xoannfactoxe of semiconductor devices. 

11 

12 The use of liquid crystal technology for the purposes of producing programmable 



13 photolithographic masking devices has been very limiTr^ However U.S. PaL 

14 No.4,653,860, issued on March 31, 1987, describes the use of a programmable liquid 

15 ciysial shutter inserted in the light path of a direct wafer stepper to selectively 

16 illurninaie, under remote contiol, specific areas of a hard surface reticle. Unlike the 

17 current invention, this device does not operate diiectiy as a high resolution 

18 programmable patterning system. Rather, the patterns are defined by a conventional 

19 hard surface reticle which provides die desired image resolution and die illumination is 

20 selectively controlled by a liquid crystal shutter inserted in the light path. As stated in 

21 that patent its field of applicability is limited to those applications zequixing minor 

22 programming changes whereby die major portion of die reticle remains unchanged for 

23 the various programming options xeqtnxed. 
24 

25 

26 OBJECTS AND ADVANTAGES OF THE INVENTION 
27 

28 The general object of die present invention is to provide electronically 

29 programmable high resolution masking devices. 
30 

31 Such programmable masking devices will use liquid crystal technology to define 

32 an electromcally programmable micro array of pixels. Tlie optical resolution of diese 

33 devices will be cotiq>atibIe widi die specific requirements of each i^iplicanon. The 

34 pucels can be individually programmed to be transparem or opaque to the lig^t used u: 
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1 conjimction with each specific tjTC Of «5^1ic«^^ I^^g 

2 drcdny wiU control the lows and colonms of such micro array, providing the 

3 csq)ability of i?»plying the appiopriaie control vdtage to each pixel as in^^ 

4 the desired patterns. A bit nu?) nriao array memory will store the paEcm data which 

5 is conveyed to the pixds via the driving drcmny. Interface circuitry wiU be 

6 incarparated enabling computer systems to comriumicate with the micro arrarmemory 

7 in both tiie read and write m o des. 
8 

9 Another general object of the present invention is to provide electromcally 

10 prograimnable high resohition masking devices for use in conjunction with image 

11 transfer systems, as means for implementing dirca imaging of computer generated 

12 patterning data onto photosensitive subsoates or surfaces. 
13 

14 Still anodier object of the present invention is to provide progcammable reticles 

15 and masks which can be integrated . into the ultraviolet exposure systems used in 

16 semiconductor manufecmring. for the purposes- of implementing, in real time, direct 

17 imaging of pattern generation data onto die siirface of semiconductor waters. 

18 

19 Further objects and advantages of such programmable reticles and masks are: 

20 

21 (a) To provide a means of converting pattern giiroration data, directly into Uquid 

22 crystal micro array patterns which will appear in die optical plane normally 

23 occupied by conventional masks or reticles, when such masks or reticles are 

24 mounted in ultraviolet exposure systems in" die proper position for die 

25 exposure of wafers. 
26 

27 (b) To provide means for downloading pattern generation data directly from a 

28 conqiuter system into such programmable masks and reticles. 
29 

30 (c) To provide means for die efficient fabrication of fully customized mtegrated 

31 dicoits widi relative costs and fabrication times comparable to tiiose of 

32 coxmncrdal integrated circuits. Ibis object can be achieved by die use of die 

33 pt^em invention to translate caapnui aided design (CAD) data into patterns 
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1 

2 (d) To diminaie the iniennediaic ptocdss step through which fixed masks and 

3 reticles are typically gaieiaied. 
4 

5 (c) To -y^rr^^-r. the inventory costs of masks and reticles typically associated 

6 with die conventional masks and reticles presentiy used in semiconductor 

7 mantifactniing. 
8 

9 (f) To improve die productivity of expensive ultraviolet exposure systems by 

10 >«^n«ti^^ die semp times typcally assodaied wirii conventional masks and 

11 reticles. 
12 

13 (g) To provide means for repairing defects which may have been detected, during 

U die vaiioas inspections performed on die patterns produced on die wafei 

15 surface. Such inspections, axe typically performed after photoresist image 

16 definition (in-process inspection) and after die completion of all die steps 

17 which constimte a complete photoMographic process sequence (fina. 

18 inspection). Such pattern repair may be accomplished widi die use of tiit 

19 present invention by defining, in real time, an appropriate repair pattern baset 

20 upon defert data collected during inspection. Such repair pattern would diei 

21 be used in conjunction widi an ajjproptiate pattern repair process for dit 

22 purpose of repairing defective patterns identified during inspection. 
23 

24 (h) To provide wafer stepper exposure systems widi die capabiUty of changin. 

25 critical dimensions and patterns firom field to field to fadUtate drcu: 

26 performance optimiiation, yield enhancement and process inqrovement. 

27 . 

28 CO To substantially reduce die cycle time required for die development an 

29 introduction of new integrated circuits. 
30 

31 0) To provide wafer stepper exposure systems witii die capability of printir 

32 dif&acnt products on die same wafer by changing die reticle pattern und 

33 c ff n' !" !! * "- control while die exposure system steps from field to field. 
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1 (k) To provide a cost efecrive approach for the in^lementaiion of wafer scale 

2 intrgrptinn Wafer scale imegrarion refers to the ocaiion of a con^lete 

3 electronic system on a silicon wafer, involving the three fimdamental 

4 technologies outlined below: 



6 1. m technology to produce on the same wafer all the diffcientaypcs of 

iniBgrattd drcnits required for a conq)lete electronic system. Tins 
technology can be in,)lemented by the use of the present invendon as 



7 
8 

9 ondined above. 
10 

11 2. -Hie technology to identify through test procedures all die functional 

12 integrated circuits of each type on dxe same wafer. This technology is 

13 currendy available in die industry. 
14 

15 3. nie technology to generate, in real time, an appropriate interconnect 

16 pattern to produce a complete electronic system out of functional 

17 integrated circuits available on die same wafer. TTiis technology can be 

18 implemented by die capabiUty of die present invention to transbite. in real 

19 time, computer aided design (CAD) data into intercomiect patterns 

20 printable direcdy onto die wafer surface. 

21 . „ 

22 Additional objects of die present invention aie to provide electromcaUy 

23 programmable high resolution masking devices for use in visual display projection 

24 systems, real time holography, printing systems and odier appUcations requiring die high 

25 resolution and programmability of die present invention. 
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1 DESCRIPTION OF THE DRAWINGS 
2 

3 In the drawings, which fonn an integral part of the specification of the present 

4 invention and which are to be read in conjnncdon therewith, and in which like 

5 reference r^mmnU are employed to dr^gnatr siniilar conaponents in various views: 
6 

7 Fig. 1 is a sis^Hfied plan view depictihg the princq)al con^onents of a 

8 prefer r ed embodiment of the present invcndon; 
9 

10 Fig. 2 is a representational partial cross section taken along the line 2-2 in 

11 Fig. 1 depicting a portion of an active liquid crystal micro array and the 

12 peripheral circuitry associated with it; 
13 

14 Fig- 3 is a pictorial representation of the conductive coatings which serve as 

15 pixel electrodes for the active liquid crystal micro array shown in Fig. 1; 
16 

17 Fig. 4 is a representational partial top plan view iUusoating the configuration 

18 , of the active liqmd crystal micro array shown in Fig. I; 
19 

20 Fig. 5 is a representational partial cross section taken along the line 5*5 in 

21 Fig. 4 illustrating the configuration of one of the transistor switches used in the 

22 active liquid crystal micro array; 
23 

24 Fig. 6 is a pictorial representation of the nxicro array intercotmection system 

25 corrq)rising control lines, data lines* transistor switches and pixel electrodes in 

26 accordance with the present invention; 
27 

28 Fig. 7 is a representational partial plan view depicting the common electrode, 

29 pixel clectrodcSt gate control ^^^^^ and d i^T ? lines of tiie prefierred embodiment; 

30 

31 Fig. 8 depicts two alternative configurations for tixe common electrode of Fig. 

32 7 comprising (1) die addirior; of ortiiogonal metal traces to lower the sheet 

33 resistance of this electrode and l\ the addition of red (R). green (G) and hlxxt 
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1 

2 Fig. 9 is a rcprcseniaaonal partial cross section taken along the line 9-9 in 

3 Fig. 8, to farther illustrate the ordiogonal metal traces; 
4 

5 Fig. 10 is a representational partial tap plan view similar to that shown in 

6 Fig. 4 with the exception of the transistor switches which are configmed with 

7 redsndant terminals, depicting an altemaie cmbodiinent of die present invention; 
8 

9 Fig. 11 is a representational partial cross section taken along .the line U-ll in 

0 Fig. 10 showing a redundant field effea transistor switch with one source, two 



11 gates and two drains; 
12 

13 Fig. 12 is a representational partial top plan view illusiradng a tcn^orary 

14 intereonnecdon system i^sed for testing the integrity of the transistor switches 

15 associated with each of the pixels in the micro array; 
16 

17 Fig. 13A is a representational partial cross section illustrating a defect on ±e 

18 first layer metal of a redundant double layer metal interconnecting system; 
19 

20 Fig. 13B is a representational partial cross section illustrating a defect on. the 

21 second layer metal of a redundant double layer metal interconnecting system; 
22 

23 Fig. i4A is a representational partial top plan view iUustrating die principle 

24 for the dual layer interconnecting system according to one of the proposed 

25 embodiments of the present invention; 
26 

27 Fig. 14B is a representational partial top plan view illustraring a prefiBrred 

28 configuration of tiie peripheral interconnect system conqjrising three layers of 

29 noetalization; 
30 

31 Fig. 15 is a representational partial top plan view illustrating a contactiess 

32 connector system used in accordance widi die present invention and conqaising 

33 infrared transmitters and receivers; 
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X Fig. 16 is a xcpresentaiianal partial cross section taken along tiie line 16-16 ir 

2 Fig. 15 showing die configorsiioa of the contaoless conDector system illustraiec 

3 in Fig. 15; 
4 

5 Fig. 17 is a ff<wi|tKfii>ri sciieinaiic diagmn iUnstraiing one of die prefen e c 

6 dxcoits used to control die voltage applied to each pixel as means of mndnlatini 

7 its tianspazenqy; ' 
8 

9 Fig. 18 is a pictonal icpieseniation of a photolithogiaphic exposme ^jpaxams 

10 illustrating the use of die piogiammable masking device of the present invendoo 

11 to genexate images on a photosensinve target s urf ace £rom data provided by e 

12 computer system; 
13 

14 Fig. 19 is a pictorial xepresentadon illustrating die use of the programmable 

15 ..masking device of the present invendon in a visual display projecdon system; 
16 

« 

17 Fig. 20 is a pictorial itprcscntaiion illustrating tiic use of the programmable 

18 masking device of the present invention in a three dimensional projecdon viewing 

19 system; 
20 

21 Fig« 21 is a pictorial xepresentadon illustrating the use of die prograrmnablc 

22 masking device of the present invendon in a holographic imaging apparatus; 

23 . 

24 Fig. 22 is a pictorial representadon illustrating die use of the prograxmnabk 

25 r masking device of the present invendon in a printing apparatus. 
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1 nFSrRTPTIQN OF THE PREFERRED EM BODIMENTS 
2 

3 Vaiious «^>i«Htm#.nw of the present invention are described in this section. 

4 starting with the embodiment wish the sin^lest configuration which, for convenience. 

5 will be designaied as the first embodimcnL The desaq}tion of this first embodiment k 

6 followed by an analysis of the trchnnlnsiral problems associated with the 

7 iii5)lemeniaiion of the present invention, niis analysis serves as the background for the 

8 inqjrovemcnts and features conqnised in other embodiments described in this section 

9 which, for convenience, will be designated as second, third and fourth embodiments. 

10 Next, the issue of connectivity to an external conqmter system is addressed. This issue 

11 is followed by the description of a fifth embodiment which provides the capability of 

12 modulating the transparency of each pixel in the micro array. Hicn, tiiere arc some 

13 considerations related to special applications of die present invention to semiconductor 

14 manufacturing and finally two procedures are described, designated as test pi-ocedurc 

15 and altemaie interconnection procedure. Hiese procedures overcome yield limitations in 

16 the manufacnire of xhc embodiments described, tiius providing cost effective means for 

17 commercially producing such embo dime nts. 
18 

19 Fig. 1 is a siniplified plan view depicting the most relevant elements comprised in 

20 die preferred embodiments of tiie present invention. These elements are not necessarily 

21 included in each of these embodiments but are incorporated in this figure for reference 

22 in die desaiptions which foUow. Hus figure shows die active liquid crystal micro 

23 array 101 which is fully described in tire first embodiment and represents die key 

24 element of die present invention. Widun die micro array tins figure shows die gate 

25 control lines 114 which must be sequentially enabled to provide a control voltage, via 

26 die data lines 115, to each pixel in die micro array. The area surrounding die micro 

27 array provides space for die peripheral interconnea system 138 which is described in 

28 die fourdi embodiment This pcr^heral interconnect system comprises die integrated 

29 drcnits in die form 143, other interconnections shown in further detail in Rg. 14A and 

30 die conductive trace extensions 139 which are die extensions of die gate control lines 

31 and die data yp"* Also depicted are die locations of the integrated drcnit connecting 

32 pads 144. a ribbon cable connection 149 and an alternate contactiess electronic 

33 connector described in detail in Fig. 15. 
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1 The first embodiment 

2 



3 The first embodiment of the present invention will be described with additiona 

4 ie£szence to figures 2 dnough 9. 
5 

6 Fig. 2 is a representational partial cross secnon taken along line 2-2r4n Fig. ] 

7 depicnng a portion of an active Hqoid crystal micro array and the peripheral drcuim 

8 associated with it The structural elements of die peripheral interoormea system pertair 

9 to the fourth embodiment of the present invention and their description is covered ir 
10 detail in that sectiort 

11 

. 12 This first cmbodimexu of the present invention comprises a glass primary substrate 



13 102 and a glass secondary substrate 103, both bonded to a thin perimeter spacer 109 

14 which holds the substrates in close proximity and parallel to each other. The volume 

15 delimited by these two parallel substrates and the perimeter spacer forms a sealed 

16 chamber containing a liquid crystal material 108. 
17 

18 Each of the substrates is coated, on the inner side of the chamber, with a thir 

19 conductive transparent film such as aluminum or inHinm tin oxide. These conductive 

20 films are used to define the electrodes necessary for the operation of die liquid oystaL 

21 On the primary substrate 102 the c^nng is patterned to form a micro array of discrete 

22 pixel electrodes 104 organized in rows and cohmms. On die secondary substrate 103 

23 the coating is continuous and forms the common electrode 105. This electrode 

24 cnconq^asses an area equivalent to the entire micro axiay area defined on the primary 

25 substrate 102. The space between adjacent pbcel electrodes is called the pixel gap 106. 

26 The areas defined by the pixel g^s 106 are used to locate the transistor switches 107 

27 by means of wiiich the desired control voltages are implied to each of the pixel 

28 dectrodcs 104. 
29 

30 The primary substrate 102 and tiie secondary substrate 103 are bodi coated on the 

31 outer side of die chamber with a polarizmg fiitn shown in Fig. 2 as the primary' 

32 substrate polarizer 202 and die secondary substrate polarizer 203. These pnlffriring 

33 films are oriented such that the polarization angle between diem is 90 degrees, thereby 

34 insuring that no li^ can be transmitted throng^ both polarizing fiitng wh«i the 
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1 polarization angle is not rotated by the Kqmd crystal material 108. 

2 Fig. 3 is a perspective representaiion of liie conductive coatings wiiich serve as 

3 pixel electrodes for the active liquid crystal miao array of Rgs. 1 and 2. It shows the 

4 pixel electrodes 104, the common electrode 105 and the pixel gaps 106. The area 

5 encompassed by the pixel gaps of the endrc micro array forms a set of rows and 

6 columns widi a width equal to the pixel g^ 106. Hiis area is used to locate^e active 

7 electrical components and die interconnection system required for tiie operation of the 

8 liquid crystal micro aixay. The interconnection system incorporates a set of conductive 

9 traces which are extended towards the periphery of die micro array and are shown in 

10 several of the figures herein as tiie conductive trace extensions 139 (see Fig. 1). TTiese 

11 traces provide tiie electrical connections between die pixel electrodes 104 and tiic 

12 control circuitry. 
13 

14 The above configuration is similar to tiiat found in some active matrix liquid 

15 crystal displays. However, it differs witii regards to die pixel size, the pixel gap and 

16 odier feanires applicable to die various embodiments of the present invention. 
17 

18 Fig. 4 is a representational partial top plan view illustrating die configuration of 

19 die active liquid crystal micro array shown in Fig. 1. In die preferred embodiments of 

20 die present invention, die active electrical components are MOS dun film transistors 

21 m?^'^ of polycrystalline silicon, commonly known as polysilicon. However, odier 

22 semiconductor materials and device strucnires could be used in different embodiments. 
23 

24 As shown in dus figure, die polysilicon is patterned in rectangular islands 110 

25 laying along die columns of pixel gaps 106. As an alternative, die polysilicon could be 

26 patterned in long strips covering die entire lengtii of die columns of pixel gaps 106. 

27 The MOS transistors are configured widi die control gate area 111 of each transistor in 

28 line widi a row of pixel gaps 106. This configuration offers a simple layout where die 

29 gate control lines 114 are straight metal traces patterned over die rows of pixel gaps 

30 106, dius creating a common gate electrode for all die MOS oansistors in a row . The 

31 odier two electrodes of die MOS transistor, known as die source and die drain, arc 

32 patterned as a source contact IH and a drain contact 113 to die polysiHcon material 

33 Hiese electrodes are located on opposite ends of die rectangular polysilicon island UO. 
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1 and the r«"w^ is cc i to a mstal trace fanning a dm line 115 paacmed 

2 over tiie cdmnn of pixel gap:: which the transistor is lo c a ted , 
3 

4 Fig. 5 is a zqnesentaiianai partial cross section taken along the line 5-5 in Fig. 4 

5 illnstrating the configtxraxion of one of the transistor switches used in the acdve liquid 

6 crystal miao azzay. Hie cross section shows Ae souctme of the MOS transistor with 

7 the source 118 and the drain 117 fonned m the polysilicon island 110. The pixel tab 

8 116 is panBtoed over the source contact 112 and the data line 115 is connected to the 

9 drain contaa 113. Hie gale suuciuie is fonned by the oxide 115, which is thermally 

10 grown over the polysilicon island 110. The cross secrion also shows that the data line 

11 115 which runs over the polysilicon islands along the columns of pixel gaps is 

12 electrically isolated from the underlying structures by the dielectric 120. 
13 

14 Fig. 6 is a pictorial representanon of the active matrix iatercoimecdon system 

15 comprising the control lines 114, the data lines 115, the transistor switches 121 and the 

16 pixel elecnodes 104. It further illustrates, in schematic form, the configuration of the 

17 interconnection system through which control voltages are applied to the pixel 

18 electrodes. As shown, the pixel tab 116 of each pixel electrode 104 is connected to a 

19 data line 115 via a simulated transistor switch 12L The trace on a specific row is 

20 connected to the control gatts of all die transistor switches 121 on that row. and 

21 becomes a gate control line 114. The trace on a specific column is coimected K) the 

22 odier electrode of all the transistor switches 121 on that column and becomes a data 

23 line 115. Also shown are the pixel g^s 106. 
24 

25 Fig. 7 is a representational partial plan view depicting the common electrode 105, 

26 the pixel electrodes 104, the gate control lines 114 and the data lines 115 which are 

27 shown with an inierdigitated layout As shown in this figure, the configuration 

28 described above offets a single layout where the gate control lines 114 and the data 

29 115 aze stcai^ metal traces patterned over the rows and cohimns of pixel gaps. 

30 Both of these sets of traces are cxtrndrd beyond the edge of the micco azxay of pixels 

31 to an area where it is practical and feasible to create electrical connections to the drive 

32 dzcmtiy which controls the dectzonic state of each pixel In diis figure, the data lines 

33 115 are dqncted with interdigitated extensions, whereas the gate control Ikes 114 arg 

34 depicted widi non inicrdigitaasd extensions. The common electrode 105, deposited on 
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c^nnne friT thc comDion elccttodc 105 
Fig. 8 depicts wo altemaGvc confignianons for mc comnw 

^r^^.„d (2) 4e «ldition of »i (R). gteea (G) and bine (B) color fite for 

™s Shows d« cocnnon Ccorodc lOS .nd :hc p=n^«. 

trace 122 described above. 

Tic to. al«maav. configuiadon comprises a sc. of onhogonal meal »a«s IT 
^osi^d over d.osc ar«s which ma«h d.. xows and «>h»ns of ^» J ^ 
subsT^c. These onhogonal »e:ai o-aces divide the con»on el^ 105m. 
•^TLs 124 Which d>c pixel elecTodes on ^e prin^iy »bsa«e. As a «^ 
L cfiecdve sheet «sis»Ke of d» con»on electrode X05 will be ^ 
causing d.e nncro anay .0 respond f^ter to d« conool signals whKh detennme .h. 
19 state of each pixel. 

This tot sltemadve configtnadon can be fimher modified » provide a pea. 
aefininon of each pbtel As described above, .he coniplex structores b»l. onjh 
of the primary substrate may cause a »inh»» .»««. 
intgularides. Such irregnlarides will not be resolved by .be in.age transfer opnac 

the exposure system «A «««fo.«. '^"Ta ^ 

device. However, for special applications, i, may be desrrahle » P"-^" 

definitio. of ead. pixeL TOs may be achieved by maldng the w«» .^ 

onhogonal meai ^aces sUghtly larg« d»n d« pixel gap ».d by using « mea^ «^ 
chrome, which o&rs excellem edge deamdon. to generae d« orthogonal metal 

^ alternative configuration comprises fimber the deposition rf «d (E 
green (G) .«1 btoe (B) color filters over d» pixel ateas 124. as d»wn » Fie- ». 

33 applications of die present invention requiring color imagmg. 
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1 Fig. 9 is a xc^iresiBiitadaaal paxtial cross secdon taken along the line 9-9 in Fig. i 

2 to farther illnstxaiB die orthogonal metal traces 123. As shown, the conductive filn 

3 which fanns the connnon electrode 105 is deposited over the secondaiy sabstme lO: 

4 and the orthogonal metal traces 123 are tiien deposited on the lower surface of the 

5 common electrode 105. The space between the metal caces 123 comprises the pixc. 

6 areas 124 described above. Since tiie sheet resisdvi^ of tiiese metal traces iT orden oi 

7 magnitndffi lower tiban tiiat of die condnctive fOm wiiich fionns the common electrode 

8 105, the effe cd ve sheet lesistance of die common electrode 105 is substandally rednced 

9 by die addition of these octfaogonal metal traces 123. . 
10 



11 Analysis of the technological problems associated with the implemenution of the 

12 present invention. 

13 

14 In order to produce an image of acceptable quality on the target surface, any 

15 embodiment of the present invention must satisfy two fundamental condidons: 
16 

17 (1) The pucel size in the micro anay must be such that the resulting size of die 

IS pixel image on the target surface is conqiadble with the applicable pattern 

19 generation design rules. More specifically, the size of the pixel image on the 

20 target surface must be such that the mimmnTii feature size dictated by the 

21 applicable pattern generadon design rules will be equal to or will be a 

22 miiinple of the size of die pixel image on the target surface. 
23 

24 (2) The width of tiie pixel gap in the micro array must be less t^an the TTiinitTinm 

25 size which can be resolved by the image transfer opdcs of the 

26 photolidiogrqthic exposoiB system. Hiis condition will insure that die 

27 patterns imiaged on the target smface are fiee of gaps between adjacent pixels. 



28 

29 Cnmpli ance with diese two condidons is a fundamental requitement for the proper 

30 operation of the present invention. Therefore, die pixel size and the widdi of die pixel 

31 gap, in any embodimem of die present invention,' must be tailored to comply widi the 

32 requirements d ict ated by die eaqiosure system to be used and the tmniTnirm feanne size 

33 to be produced. 
34 
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Pixels in the nriao anay may have a variety of different shapes such as drcnlar. 
triangular, rectangular, etc. and may be organized in a variety of different configuratiom 
such as a rectangular array, a polar array or other suitable configuration. However. 

4 most practical implementations of the present invention will use a rectangular array of 

5 square pixels con^aiible .with die elemental ceU of typical computer aided desigr 

6 (CAD) systems. 
7 

8 Tbt second, tiriid" and fourth embodiments of die present invention pertain to 

9 appUcanons requiring very hi^ density micro arrays, where die nmnber of pixels in die 

10 micro auay may range ftom 100 milHon to over one billion. Such types of 

11 appUcarions wiU be found in die semiconductor industry as shown in die examples 

12 which illustrate die uses of die various embodiments described. When die number of 

13 pixels reaches die above values, die defect limited yields and die connectivity must be 

14 prooeriy analyzed in order to establish die requirements for die practical and cconomicaJ 

15 producibiUty of such embodiments. The example which follows will cleariy illustrate 

16 tiiese problems and wiU explain die solutions offered by die second, diird and fourth 

17 embodiments of die present invention to address such problems. 
18 

19 Consider a micro array widi die following characteristics: 
20 

21 * Array configuration: 15.000 by 15,000 pixels 

22 * Pixel size: ^ microns by 4 microns 

23 * Pixel g^: 1 micron 

24 * Intercoimect trace width: 1 micron 

25 ♦ Effective gate area: 1 micron square 
26 

27 Such imcro array wouW conqnise a total of 225 million pixels and enconqass ai 

28 area ^iproximately 7.5 by 7.5 centimeters square. The total equivalent area occupia 

29 by all die gates in die micro array would correspond to approximately 2.25 stpiar 

30 centimeters and die total equivalent area occupied by all die interconnect traces widii 

31 die system, including die conductive trace extensions, would correspond -t 

32 approximately 223 square centimeters. 
33 
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1 be acfaievtd On the basis of tiiis deficct densxiy, the first embodiment of the pxcsen: 

2 invemioa would have a high pcobabxli^ of exfaxhinng at least one defect in the control 

3 gate of one of die transistor switches, and at least eleven defects in die inteiconneci 

4 system metal traces. Since these progtanmiable masking devices most be defiect free, 

5 the first embodiment, described above, are not recomznended for applications requiring 

6 very high density micro arrays. 
7 

8 Connectivity also presents a trcfanological difficulty. In the example above, die 

9 micro array would have two orthogonal sets of metal traces. Each set would conqirise 

10 15,000 traces, one micron wide, widi four micron spaces between two adjacent traces. 

11 The connecdon of these traces to the drive dicuitry via any vypo of cabling system 

12 would be cleariy impractical if not iirpossible to implement, making the first 

13 embodiment of the present invendoa, described above, undoable for this type of 

14 applicadon. 
15 

16 The basic problems, presented above* are successfully addressed by the second, 

17 third and fourth embodiments of the present invention described below. 
18 

19 The second embodiment 
20 

21 The second embodiment of the present invention is described widi reference to 

22 figures 10, 11 and 12. Hiis embodiment is configured with double transistor switches 

23 to address the gate area integrity problem discussed above. 
24 

25 Fig. 10 is a representadonal partial top plan view similar to that shown in Fig. 4 

26 with the exception of the transisttir switches wbidx are configured with redundant gate 

27 and drain temnnals. Like Fig. 4, this figure shows the pixel electrodes 104 connected 

28 to the source contact 112 of the transistor switch, via the pixel tab 116. However, the 

29 transistor switches in this second embodiment are configured v^ith two control gates and 

30 two drain contacts shown in this figure as the primary control gate 125, the primary 

31 drain contact 126, the secondary control g fltr 127 and the secondary drain contact 128* 

32 As e?q)laiiied in fiirdier detail below, these secondary electnxics arc used to replace die 

33 primary electrodes when the presence of a defect in the primary control gate causes th6 
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1 gate 125. the scccffldary cMtrol gaic n? is con«^ 

2 nietalization patch shown as the secondary ccmtm^ The piocedair 

3 for applying this tnetalization patch is described in detail und^ 

4 repair procedure at the end of this section. Also shown in this figure are die data lines 

5 115. the pixel g^s 106 and the polysilicon islands 210. all of which have bees 

6 explained widi re&tence to Fig. 4. 
7 

8 Fig. U is a representational partial cross section taken along die line U-ll in 

9 Fig. 10 showing a ledmidant field efiect transistor switch widi one source, two gates 

10 and two drains. THe cross section shows tiie strucmre of the redundant MOS transistor 

11 with die source U8. die primary drain 130 and die secondary drain 131 fomied m die 

12 polysiUcon island 210. Uke in Fig. 4. die pixel tab 116 is patterned over die source 

13 contact 112. However die data line 115 is shown connected to die secondary drain 

14 contact 128 ra±er dian die primary drain contact 126. Hiis figure is intended to 

15 iUustraie die secondary control gate connection U9 connecting die secondary control 

16 gate 127 to die gate control line 114. When die primary control gate 125 is found to 

17 be defective, dus al«mate connection is tnade in its place. The cross section also 

18 shows die diermal oxide 119 and die dielectric 120 which have previously described 

19 with reference to Fig. 4. 
20 

21 Fig. 12 is a representational partial top plan view illustrating a temporary 

22 interconnection system used for testing die integrity of die transistor switches associated 

23 widi each of die pixels in die micro array. Each polysiUcon island 210 has one sourct 

24 contact 112, a primary control gate 125. a primary drain contact 126. a secondary 

25 control gate 127 and a secondary drain contaa 128. The ten?iorary intcrconnectior 

26 system coir^rises a set of temporary source test lines 132 and a set of temporary drair 

27 test lines 133. Each temporary source test line 132 is comiected to die somce contac 

28 m of each of die transistor switches adjacent to dial line arid each tetnporary draii 

29 test line 133 is comiected to die primary drain contact 126 of cadi of die transisto 

30 switches adjacent to diat line. like for normal operation, each gate control line U4 i 

3 1 comiected to die primary control gate 125 of cact transistor in die row associated wid 

32 diat gate control line. Witii dus temporary interconnection system every tnmsisto 

33 switch in die micro array can be individually tested for functional integrity. 1^ 

1M are not connecte 
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1 during this test procedure. All gate control lines 114. tempoiaiy sonrce test lines 132 

2 and teoporaxy drain test lines 133 are trrrmnatrd on probing pads providing electrical 

3 access to diese interconnections. 
4 

5 If a primary control gate is found to be defective, as determined by test 

6 procedures sucii as those otuiined at the end of tins section, alternate coxmections are 

7 twflHo in p]a<? y of their primary cotmterparts. The secondary control gate 127 is 

8 connected to the control 114 via tiie flltrmatr gate connecdon 227 and the 

9 secondary drain contaa 128 is connected to tiie texxqiorary drain test line 133 via the 

10 aUfmir<^ drain connection 228. Fig. 12 also depicts the defecdvc gate area 225 and the 

11 primary drain iinig- 226 explained with reference to an alternate interconnecdon 

12 procedure used to modify these metal interconnecdons which is outlined at the end of 

13 this section • This procedure is an integral pan of the technology required for the 

14 production of the various embodiments of the present invention. 
15 

16 The third embodiment 
17 

18 The third embodiment of the present invention is described with reference to 

19 figures 13A and I3B. This embodiment is identical to cither of the previously 

20 described embodiments except that it is configured with two layers of metal traces 

21 direcdy applied over each other as a means of circtmEiventing the metal trace 

22 discontinuities generated by photolithogpphic defects. 
23 

24 Fig. 13A is a representational partial cross section illustrating a defect on the first 

25 layer metal of a redundant double layer metal interconnecting system. It depicts the 

26 second layer xxsetal 135 direcdy superimposed over the first layer metal 134 and a 

27 typical defiea on the first layer metal 136. 

28 :^ . . . 

29 Fig. 13B is a representational partial cross section illustrating a defect on the 

30 second layer metal of a redundant double layer metal interconnecting system. It also 

31 depicts die se>cond layer metal 135 directiy 8iipeQnqx>sed over the first layer metal 134 

32 and a epical defect on the second layer metal 135. 
33 

34 These two layers of metal are independendy patterned in order to statistically 
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1 insure that defects on one layer do not coincide with defiscts on the other layer. 

2 Electtical cominniiy of the control lines and the daa lines is therefore assured and the 

3 integrity of the interconnection system is properly safeguarded. 
4 

5 An alternative lo this, dual layer metal interconnect system is a single layer mctaJ 

6 interconnect system used in conjunction with the pattern repair technology outlined 

7 under the section describing the objects and advantages of the present invention. TTiis 

8 technology can be used to repair the typical defects which would norajally occur dming 

9 patterning of the metal interconnection system. Missing metal may be repaired by 

10 selectively depositing a bridging metal trace over each metal discontinuity. Excess 

11 metal may be removed by selectively removing tiie excess metal. 
12 

13 The fourth embodiment 

14 

15 The fourth embodiment of the present invention is described witii reference to 

16 figures 2. 14A and 14B. This embodiment is configured witii a double layer 

17 metalization system on tiie periphery of tiie micro array. Tbis peripheral metalization 

18 system provides the space and the interconnections necessary to incorporate tiie drive 

19 and interface ciicuitry on ±c surface of tiie primary substrate. At tiie same time, tiie 

20 control lines and tiie data lines arc extended beyond tiie periphery of tiie micro array to 

21 tiie outer edge of tiie peripheral metalization system and become an integral pan of tiiis 

22 system. The configuration of tins fourtii embodiment, incorporating die drive and 

23 interfece dicnitry as integral parts of tiie progranmiable masking device, circumvents 

24 tiie connectivity problems presented above by eliminating tiie need for any type of 

25 cabling connections between the micro array and the drive circuitry. 
26 

27 As previously indicated. Fig. 2 is a representational partial cross section taken 

28 along line 2-2 in Rg. 1 depicting a portion of tiie active liquid crystal micro array and 

29 tiie peripheral circuitry associated witii it The structural elements of tiie active liquid 

30 crysud micro array have already been described witii reference to tiie first embodiment 

31 of tiie present invention and need not be repeated. The structural elements of tiie 

32 peripheral interconnect system arc associated wifli tiie fourtii embodiment of tiie present 

33 invention and are described in tins section. The right side of Fig. 2 shows tiie 
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1 metalizadon tnuxs 142, axe isolated from the rondncrivc trace extensions 139, by a 

2 dielectric isolation layer 14L Tlie intennetallization connection 140 establishes ±c 

3 electrical connection between the conductive txace extensions 139 and the second 

4 nxtalizanon 142. Also shown axe the integrated circuits in die form 143 connected to 

5 the second metalizaiion 142. 
6 

7 Fig. 14A is a representational partial top plan view illustrating the layout principle 

8 for the dnal layer interconnecting system nsed in tiiis fourth embodiment of the present 

9 invention. It depicts the conductive tcace extensions 139, the second metalization traces 

10 142, the intennetallization coimections 140 and the circuit connecting pads 144. The 

11 first set of pads labeled A 145 is connected, via the second metalizadon traces 142 and 

12 the intermetalization connecdon 140, to the first group of traces 146 of the conductive 

13 orace extensions 139. The second set of pads labeled B 147 is connected, via the 

14 second metalizadon traces 142 and the intermetalizadon connecdon 140, to the second 

15 group of traces 148 of the conducdve trace extensions 139, This configuration is 

16 continued with additional groups of traces connected to additional sets of pads located 

17 in the area extending towards the periphery of the primary substrate. This layout 

18 overcomes potential spadal constraints and provides the necessary space for all of the 

19 conductive trace extensions 139 to be connected to the appropriate dxcuit connecting 

20 pads 144. These circuit connecting pads 144 are used to accept the connection to the 

21 integrated circuits in die form as shown in Fig. 2. Such pads may also be used as 

22 probing pads to test the integrity of the transistor switches in the micro array in 

23 accordance with the special test procedures outlined below. 
24 

25 Fig. 14B shows a variation of this embodiment configured with a three layer 

26 metalization system, where the fint layer is farmed by the conductive trace extensions 

27 139, the second layer is formed by the second metalization traces 142 and the third 

28 layer conxprises the circuit connecting pads 144. this configuration, die metal 

29 traces on the second layer lie on a plane which is separated by a layer of dielectric 

30 fiom the plane containing the circuit coxmectiag pads. The addition of the third 

31 metalization layer, as shown in Fig. 14B, removes' the constraint that the traces of die 

32 second metalization must be placed around die area covered by the circuit cormecting 

33 pads. Such traces can now be routed in the areas beneath the circuit coimecting padsi^' 

34 thus DTOvidine imnmved utilization of thft fmnrp. sivnilflhle fnr intRTrrmnecoons and 
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1 incn««ing tte packing (tensity of the inicrcoim«^ Tlus configuration furthc 

2 allows the drcmt connecting pads to be extended to encon^ass a circuit connccnor. 

3 area 244 and a probing area 344 as iltastrated in Fig. 14B. TOs three layc: 

4 metalizadon wiU be spedficaUy reconmiended for programtaabte 

5 more than 256 milHon pixels which will require a higher packing density for the dnvc 

6 and interface ciruuitry. 
7 

8 Connectivity to an external computer system 

10 The operation of the active manix micro anay. which is the object of the present 

11 invention, relies upOn the capability of establishing die required electrical connections 

12 between the conductive trace extensions and die drive circuitry and fimher between the 

13 drive circuitry and an external computer system. When die nmnber of conductive ttacc 

14 extensions does not exceed 1000. direct ribbon cable comiections. similar to tiiose used 

15 in liquid crystal displays can be successfully implemented in manufacturing. However, 

16 when the number of conductive trace extensions substantiaUy exceeds 1000. such 

17 connections would be very difScult if not in5)ossible to successfiilly implement 

19 For diose appUcarions of die present invention requiring tiiat many conducrivt 

20 trace extensions, die fourtii embodiment of the presem invention, described above 

21 provides a viable solution since it eliminates die requirement for such connections. 
22 

23 Still to be addressed, is die problem of connectivity between die drive drcmti^ 

24 and an external computer system to be used in conjunction widi die present invention 

25 This problem is less severe tiian die comiectivity between die conductive tiac. 

26 extensions and die drive circuitry since, in tius case, die total number of interconnecting 

27 lines would not exceed 256 under die worse possible dicumstanccs. A comiection witl 

28 dus limited number of lines can easUy be irt?)lemented, as shown in Rg. 1. widi di< 

29 ribbon cable comiection 149. As an alternative, a contacdess data communication 

30 comiector system physically attached to die primary substrate can be used, as shown v 

31 Fig. 1, and described in detail wirix reference to figures 15 and 16. 
32 

33 Fig. 15 is a representational partial top plan view illustrating a contacties 

^ mnnectnr svstem comoiisinE a set of collimated infrared transmitiers and receiver 
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1 Interconnea traces 153 jpanemed over the pxiznaxy substxaie 102, establish the electrical 

2 coxmecdon between the interface circnitry and dual sets of infrared transmitters 150 and 

3 infiared receivers 15L On tiie connector body 152 wiiich is physically separated from 

4 tiie primary substrate 102, diere are matching sets of infirared transmitters 150 and 

5 infrared receivers 151 together with thdr respective interconnect traces 153. 
6 

7 Fig. 16 is a representational partial cross section taken along die line 16-16 in 

8 Fig. 15 showing the configuration of tiie contacdess connector system illustrated in Fig. 

9 15. It shows die primary substrate 102 physically sqsarated from the connector body 
10 152, and shows their respective infrared transmitters 150 and infrared receivers 151. 

11 

12 When the programmable masking device is installed in an exposure system, the 

13 infrared transmincrs and receivers will be aligned with a matching set of receivers and 

14 transmitters mounted in the exposure system. With this configuration, there is no 

15 physical contact between the two sets of transmitters and receivers and, as a result, the 

16 programmable masking device is provided with a stress free data communicadons 

17 infiared link. This feature will be significant in appUcadons, such as seiniconductor 

18 microlithography, where the alignment of the programmable masking device must be 

19 held within a fiacdon of a micron. 
20 

21 The fifth embodiment 

22 

23 The fifth embodiment of the present invention is described with reference to 

24 figure 17. This embodiment is subsuindally the same as the fourth embodiment 

25 described above with the addidon of special circuitry to individually control the voltage 

26 level applied to each of the pixels in the micro array as TnMnjy of modulating the 

27 relative transparency of each pixel 
28 

29 Fig. 17 is a simplified schemadc diagram illustrating one of the preferred circuits 

30 used to control the voltage applied to each pixel as means of modulating its 

31 transparency. It shows a group of N data lines 115 connected to the outputs of a 1 to 

32 N analog switch 158. The ixsprst of the analog switch 158 is connected to the ouvpxxt of 

33 a digital-to-analog (DAC) converter 157 which generates tiie desired analog voltage to" 
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1 nwnorylSfi. DATA IN ports of this mcnK>ry 156 a« cwimcc^ 

2 154 providing a daa commnnicaiions link to die campura system winch controls the 

3 programmable micro array. An address bus 155 carries the requir«i address 

4 information to the SELECT ports of bodi the N word memory 156 and the analog 

5 swirchl58. Ti« dicuit of Fig. 17 is repeated for each group of N data lines as many 

6 times as necessary to cover all the data lines in the micro anay. TTie same^daia bus 

7 154 and address bus 155 provide the required data and address information to all of 

8 these circuxts in accordance widi the configuration shown in Fig. 17. 
9 

10 Consideratioiis related to special appUcations of the present invention. 

11 

12 One of the most significant appUcations of the present invention will be as a 

13 programmable masking device for the ultraviolet exposure systems used in 

14 semiconductor microUthography. For this specific type of appUcation. any embodiment 

15 of the present invention must further comply with the following constraint: 
16 

17 nie Uquid crystal material, the two substrates and the conductive coatmgs must 

18 offer a combined level of transparency to ultraviolet Ught compatible with the 

19 requirements of the specific exposure system to be used in the photoUthographic 

20 processes. 
21 

22 For the longer wave lengths, in the 340 to 470 nanometer range, such substrates 

23 can be made of high quality glass of the type used for semiconductor photoUtiiography 

24 masks. For the shorter wave lengtiis. in the 240 to 350 nanometer range, such 

25 substrates need to be made of quartz because glass exhibits excessive ultraviolet Hght 

26 absorption in this region of tixe spectrum. 

27 _ . . 

28 The referenced conductive coatings on die substrates must be suffidendy tiun m 

29 order to con?)ly widi die transparency requirements oudined above. Tie minimum 

30 conductive coating film tiuckness allowable in such coatings is determined by the 

31 oaximum allowable sheet resistance of the film which in mm is dependent on d« pixel 

32 surface area. The mariiematical relationship between tiiese parameters is such that, for 

33 proper operation, die ratio between die pbccl surface area and die film duckness must 

*^ * •Urn m\mrfTf%f\ir 
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1 cqnivaknt of a pixel f^'r^* Since tiie typical pixel smface axea to be used in mc 

2 applications of tibe presen t invention will be only 10 to 500 sqoaxe xmcxons, t 

3 condnctlve coating film thickness nsed for such applications can be adjusted to coo^ 

4 with tiie rcqmiements for transparency to ultra violet light 
5 

6 Special procedures 
7 



8 The two special ptoceduzes described in this section, a test procednrB and : 

9 altmia m interconnection procedure, are assodaied with the second, third and four 

10 embodiments of die present invention and are specifically recommended for very hi[ 

11 density micro arrays. 
12 

13 The test and repair procedure provides means for testing the integrity of eve: 

14 transistor switch in the micro array. It consists of the sequence of steps which a 

15 outlined below with reference to the figures indicated in parenthesis: 
16 

17 (a) Defining on the polysilicon islands 210 (Fig. 12) the double polysilicc 

Ig transistor switches as described in the second embodiment of the presc 

19 invention; 
20 

21 (b) Defining the first layer metalization, conqirising the following: 

22 1. The gate control lines 114 (Fig. 12) within the noicro array area; 

23 2. The conductive trace extensions 139 (Fig. 2) of die gate control lines 1 

24 (Fig. 10) within the periipheral metal interconnect system 138 (Fig. 1): 

25 3. The conductive trace extensions 139 (Fig. 2) of the data lines 115 (F: 

26 10) within the peripheral metal inteicoimection system 138 (Fig. 1); 

27 4. The gate area of die secondary control gates 127 (Fig. 10); 
28 

29 (c) Dqiositing and patterning a dielecoic isolation layer covering entirely Hit g: 

30 control lines 114 (Fig. 1) and the peripheral metal interconnect system 1 

31 (Fig. 1). Such paSBming must inclnrir contact openings to the seco 

32 metalization traces 142 (Fig. 2) in die peripheral metal ixuerconnect sysc 

33 138 (FigJ); 
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1 (d) Defining tiic second laytff metalization. con^nising die foUowing: 

2 1. Two inwdigiBied sets of tewpaary test lines placed over the areas 

3 corresponding to cdmnns of pixels. TTie first set, comprises the 

4 tea^Kjraiy source test lines 132 (Fig. 12). Each of diese test lines is 

5 connected to die source contacts 112 (Fig. 12) of all die transistor 

6 switches adjacent to die column of pixels over which dial test line is 

7 placed. Hie second set. con^aises die tcnqxarary drain test lines 133 
g ■ (Fig. 12). Each of dicse test lines is connected to die primary drain 
9 contacts 126 (Fig. 12) of all die transistor switches adjacent to die 

10 column of pixels over which tiiat test Hnc is placed. In addinon. dicse 

11 two sets of test lines win conne« to die conductive trace extensions 139 

12 (Fig. 1) of die data lines 115 (Fig. 10) defined during die fint layer 

13 metalization as described in sections (b) 2. and (b) 3. above; 

14 2. The second metalization of die peripheral metal interconnect system, 

15 comprising die intermetaiizarion connections 140 (Fig. 14A). die second 

16 metalization traces 142 (Fig. 14A) and, if die intended configuration only 

17 conges two metal layers, die ciicuit connecting pads 144 (Fig. 14A) 

18 which will be used as probing pads; 
19 

20 (e) This step. appUcable only if die intended configuration comprises diree metai 

21 layers, consists of depositing and patterning a dielectric isolation layer 

22 covering entirely die peripheral metal interconnea system 138 (Fig. 1) and 

23 including contact openings to die diird metalization layer. 
24 

25 (f) This step. appUcable only if die intended configuration comprises tiirec mcta 

26 layers, consists of defining die tiurd layer metalization comprising die 

27 intermetalizadon connections 140 (Fig. 14B) and die circuit connecting pad: 

28 144 (Fig. 14B) which may incorporaie die probing areas 344 (Fig. 14B); 

29 ■ 

30 (g) Testing every transistor swhch in die micro airay by probing die appropnat 

31 pads; 

32 . 

33 (h) Removing die primary gate connection to die gate control line 114 (Fig. 12 

^^vrF^f Hrain mnnprtion to the drain test line 133 (Fig. 12) of an. 
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1 transistar switches fiDund to be defecdve and zepladng the same by alteniativ 

2 connections to the ledondant counrexpafis of such defecdve transistor switcfac. 

3 This is done by means of die alTfm?Tr intsiconnecdon procedure define 

4 below; 
5 

6 (i) Repeadng die q>plicabb ponions of die above test procedure to vedfy diat a 

7 replacement transistar switch^ are fhnctional; 
8 

9 0) Removing the vaapaaiy source test lines 132 (Fig. 12), the temporary diai 

10 test lines 133 (Fig. 12), die alternate gate connections 227 (Fig. 12) and tb 

11 alternate drain connecdons 228 (Fig. 12); 
12 

13 (k) Defining die pixel electrodes 104 (Fig. 10) widi die pixel tabs 116 (Fig. IC 

14 connected to the source contacts 112 (Fig. 10) of die matching transistc 

15 switches; 
16 

• 

17 0) Depositing a layer of dielectric over die columns of pixel gaps 106 (Fig. V 

18 containing the transistor switches and patterning this dielectric, whci 

19 applicable due to failure of the primary transistor, with openings to the fir. 

20 metal previously deposited over the gate area of the secondary control ^ate 

21 127 (Fig. 12); 
22 

23 (m) Defining the secondary control gate connecdons 129 (Fig. 10) who 

24 {^iplicable due to failnre of the primary transistor switch; 
25 

26 (n) Depositing dielectric over die secondary control gate connecdons 129 (Fi; 

27 10); 
28 

29 (o) Defining the appropriate contact openings to the primary drain contaa 12 

30 (Fig. 10) or to the secondary drain contact 128 (Fig. 10), as may I 

31 i^iplicable. 
32 

33 (p) Defining data lines 115 (Fig. 10) over die cdamns of pixel gaps 106 (FI 

34 10) caataining the transistar switches. These lines connect either the pxima 
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1 drain contact 126 (Rg. 10) or the secoiidary ctain contact 128 (Fig. 10). as 

2 may be applicable, of each transistor switch in that column of pixel gaps 106 

3 (Fig. 10) to a matching conductive trace extension 139 (Fig. 1) in the 

4 peiq)heral interconnect system 138 (Fig. 1); 
5 

6 (q) Die attaching and testing the petq)heral drcuitxy. 

7 . 

8 (r) Replacing peripheral dxcuits found to be defective. 

9 

10 (s) Qjnnecting tiie peripheral dxcuits 10 the peripheral interconnect system. 

11 . 

12 The alternate Interconnection procedure provides means for repUdng every 

13 defective transistor switch in the micro anay by an alternate transistor switch which is 

14 to operate in its place. It consists of the foUowing sequence of steps appUcable to each 

15 defective transistor switch: 
16 

17 (a) Locally removing by a selective photoli±ographic process the dielecnic 

18 isoladon and the metal over the defective gate area 225 (Fig. 12). which is 

19 the area where the gate control line 114 (Fig. 12) Hes over die primary 

20 control gate 125 (Fig. 12) of die primary transistor switch; 
21 

22 (b) Locally removing by a selective photoUdiographic process die primary drain 

23 link 226 (Fig. 12) whicb is die connection between die drain test line 133 

24 (Fig. 12) and die primary drain contact 126 (Fig. 12) of die defective 

25 transistor switch; 
26 

27 (c) Selectively depositing dielectric over die defisctive gate area 225 (Fig. 12) of 

28 the defective primary transistor switch; 

29 • . 

30 (d) Defining appropriate contaa openings to die gate control line, on bodi sides 

31 of the defective gate area 225 (Fig. 12); 
32 

33 (e) Defixung die foUowing alternate metal connectioos: 

.... «<*\ _.t.:-u *Um <rat* 
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1 coxuzol line 114 (Fig. 12) to the secondazy gate 127 (Fig. 12) of the 

2 defective tnmsistor switch and badges die gap generated on die gate 

3 control line 114 (Fig. 12) by sti^ (a) above; 

4 2. The aiteznate drain connection 228 (Fig. 12)* which connects the 

5 ten^xnary drain test liiw 133 (Fig. 12) to die secondary drain contact 128 

6 (Fig. 12) of die defecdve transistor switdL - 
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1 OPERATION OF THE INVENTION 
2 

3 The operation of the programmable masking device which is the object of th 

4 present invention is described first with xcfcience to Fig. 18 which illustrates the use o 

5 this device in direct imaging photolithographic ajjplications. Next, the operation of tht 

6 various embodiments of diis device, is described wi± reference to Figs. 19, 2p, 21 ani 

7 22 which illustrate the use of such embodiments in projection systems for visua 

8 display, three dimensional imaging, holographic imaging and printing systems 

9 lespcctively. 
10 

11 Fig. 18 is a pictorial representation of a photolithognqjhic exposure apparanii 

12 illustrating the use of tiie programmable masking device, which is tiie object of the 

13 present invention, to generate images on a photosensitive target surface dirccdy frorr 

14 data provided by a computer system, a technology presentiy described as direc: 

15 imaging. This programmable masking device, built entirely of solid state elements.. 

16 operates in conjunction with exposure systems in a manner similar to conventional nor 

17 programmable masking devices. The apparams of Fig. 18 comprises a light source ISS 

18 witiiin a light housing 160 which is equipped witii a light shutter 161. The lighi 

19 generated by die light source 159 is directed by die illumination optics 162 onto die 

20 surface of a programmable masking device 164 where it provides uniform illuminatior 

21 163, A coniputer system 165 provides the pattern generation data necessary to generate 

22 die desired transparent images on the micro array of the programmable masking device 

23 164. These images are then transferred by means of die e;q)osure optics 166 onto the 

24 photosensitive target surface 167. .Under normal operating conditions, die con^utei 

25 system 165 can download to the programmable masking device 164 the desirec 

26 patterning data while die photosensitive target surface 167 is being aligned to the 

27 exposure optics. Upon con^iletion of die alignment, die shutter 161 is momentarily 

28 opened for a preset exposure time. TTiis cycle is dien repeated widi die next 

29 photosensitive target surface or the next site on die same photosensitive target surface. 

30 In most photolidiogrj^hic applications, typical exposure systems designed tc 

31 operate witii conventional masking devices, must be modified to accommodate dK 

32 larger size of die programmable masking device which is the object of this invention. 

33 However, once installed, this programmable masking device needs only to be removed 
-XA m «-rfrtrm rmaxTn and maintenance or to install anotiier programmable masking device 



wo 91/10170 



PCTAJB90/073: 



-32- 

1 widi different characteristics. 
2 

3 Other than installation, zepair and Tnaintftnancr, human intervention is not neede 

4 Under noimal operating conditions, a co mpa ter system will be required for the use < 

5 this programmable masking device. Ihe computer system will fully support and contr 

6 such programmable masking device by downloading the required pattern gencratioQ da 

7 to the micro array memory. When appropriate, diis comp uter will also provide contro 

8 to ze&esh and modify the patterns generated. 
9 

10 Some of tiie most significant photolithographic plications for dies 

11 programmable masking devices will be found in die semiconductor industry where sue 

12 devices will introduce manufacturing flexibiliQr, improve yields, reduce cycle tunes an 

13 reduce manufacturing costs. 
14 

15 • More specifically, these devices will provide means for repairing pattemin. 

16 defects on wafers^ programming or altering the funcdonality of integrated circuits, coi 

17 eSecnvely producing custom integrated circuits and generating complete systems on 

18 single wafer. 
19 

20 When die exposure apparatus is a wafer stepper, the cotiq)uter system controUin 

21 the programmable masking device should be interfaced to such wafer stepper t 

22 synchronize the pattern generadon widi the mechanical stepping motion of the stepper. 
23 

24 Other very important applications of the present invention will be found in th 

25 cost effective manufacture of micro integrated systems conqjrising integrated circuits, i 

26 the die form, interootmected on a micro substrate. Such micro substrate will b 

27 pro duc ed by a technology similar to that used for the generation of the periphen 

28 iniercoxmea system of the programmable masking devices which are die subject of th 

29 present invention. 
30 

31 The mantxfactarc of the programmable mas&ing devices provides anodier irapartai 

32 application for tibeir use. As outlined in the section covering the description of tb 

33 present invention, die fabrication of thrt ?r programmable masking devices requires th 

34 use of Tnoennimsihlft nhntolidioeranhv fhr nftifm ini ng Tenatrs and nuilnTifr altemai 



wo 91/10170 



PCr/US90/07331 



-33- 

1 inicrcoimecdons. Such programmable photoKihogr^hy can be in9)lemcnted with the 

2 use of another programmable masking device specifically configured for such 

3 applicatioiL 
4 

5 Fig. 19 illustrates the operadon of the present invendon in a visual display 

6 projection system. Such system comprises a Ught source 159 widiin a Ught housing 

7 160. The U^t generated by die Ught source 159 is directed by the illumination optics 

8 162 onto tbc surface of die programmable masking device 164 where it provides 

9 uniform illumination 163. A heat shield 168. is inserted in die Ught patii to protert die 
programmable masking device 164 from die heat emitted by die Ught source 159. A 



10 



11 video signal processing system 169 provides die digital video image generation data 

12 necessary to generate die desired transparent hnages on die nucro array of die 

13 programmable masking device 164. These images are dien transferred by means of die 

14 projection optics 170 onto a visual projection . screen 171. Under normal operating 

15 conditions, die video signal processing system 169 conrinuously downloads to die 

16 programmable masking device 164 digital video imaging data at a rate compatible widi 

17 video display imaging. The fifdi embodiment of die present invendon widi die color 

18 imaging feature described previously would provide die proper feawres for die 

19 implementation of projection color television and multiple page computer monitor 

20 projection display systems. 
21 

22 Fig. 20 iUustrates an appUcation similar to tiiat of Fig. 19 widi die addition of a 

23 polarizer 172 for diree dimensional projection viewing. AH die elements described wirii 

24 reference to Fig. 19 have identical functions widi reference to Fig. 20 and need not be 

25 repeated. The polarizer 172 is used in conjunction widi polarizing glasses for direc 

26 dimensional viewing. Under die control and synchronized by die video signal 

27 processing system 169. die polarizer 172 alternates die polarization of die Ught 

28 emerging from die programmable masking device 164 between two ordiogonal planes, 

29 thus providing separate images for each one of die viewer's eyes. 
30 

31 Fig. 21 iUustrates die use of dus invention in holographic imaging appUcations. 

32 For such appUcations, a laser source 173 would emii a laser beam 174 which would be 

33 dispersed by die dispersion optics 175 to provide uniform laser iUumination 176 over. 
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1 hologapbic signal pzocessing syiieni 177 hoiogzaphic patterns would be gexxexated on 

2 ^ programmable masking device 164 vi^hkb coold be observed by the viewer 178. 

3 Since the paxtsms on die programmable masking device 164 could be connnuously 

4 changed, the system described couM provide means fiar the inylemftntarion of digitally 

5 controlled holographic television and co mputer monitor holographic viewing systems. 

6 Color holography could be inylemented, as well, by the use of a laser scarce 

7 combining red, green and blue beams sequentially fixed in synchronism with the 

8 viewing fiames for each color generated by the holographic signal processing system 

9 177. 
10 

11 Fig. 22 illustrates still another potential application for die present invention as a 

12 printing apparatus. It pxesumes that the imaging data is available in digital format such 

13 as that generated direcdy by a computer system or odierwise generated by digitizing a 

14 real image. Such apparatus would comprise a light source 159 within a light housing 

15 160 equipped with a light shutter 161. The ligh: generated by the light source 159 

16 would be directed by the illuminatioa opdcs 162 onto the surface of the programmable 

17 masking device 164 where it would provide uniform illumination 163. An image 

18 processing system 179 would provide the digitized imaging data necessary to generate 

19 the desired transparent images on the micro array of the programmable masking device 

20 164. These images would then be transferred by means of die projection optics 170 an 

21 the operation of die light shutter 161 onto a photosensitive reproducing device 180. 

22 This photosensitive reproducing device 180 would subsequendy produce hard copies of 

23 die images defined on its surface. For simplicity. Fig. 22 depicts the photosensitive 

24 reproducing device 180 in a planar configuration. However, a cylindrical configuration 

25 such as the conventional drum of most modem office printing machines could also be 

26 used provided the projection optics would be equipped with a scanning device 

27 synchronized with tiie movement of such drum. 
28 

29 CONCLUSIONS. RAMIFICATIONS AND SCOPE 
30 

31 Accordingly, die electronically programmable inasking device^ which is the subject 

32 of die present invention* introduces a new level of flexibility in the industrial use of 

33 photolithography by providing the c^iabiliQr for translating computer aided design-^ 

34 (CAD) data, direcdy into images produced on a photosensitive target surface. At the 
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san^ to. it opens new oppornmincs in the fields of high definidon projection cdbr 
«levision. mnldple page comp«=r monitor pipiecdon display systems holo^hxc 
cdevision. holograpMc comptner monitor systems «^ prin^^ Some of *c 

mos: important appHcadons of d^ I^sent invendon will be fomid in die ^cominc^ 
industry. wMch is lughly dependent npon d:e ^ tectuiology 

by tbc present invendon win open die door to major evoludons^ m dns 

7 industxy in tfaac 

^ * it win permit die design and mannfecmre of smaU volume cnstom integrated 
circuits to be done at a cost conqiarable to tiiat of commercial integrated 

11 circuits produced in high volume; 

U * it will permit die cost effecdvc development of wafer scale integration, a 

14 technology whereby complete electronic systems, such as computers, can be 

15 built on a single wafer, 

n * it wiU provide die means to substantially increase semiconductor 

18 manufacmring yields by offering a technology for panem repair, and 

20 * it will provide means to substantially reduce product development .and 

21 manufacturing cycle nines- 

Z While die descr^jdons herein contain many specificities, diese should not be 

24 consmied as limiting die scope of die present invention but as merely providmg 

25 illustrations of some of die most relevant embodiments of die present invennon. 

^ For example, dus electronically programmable masking device could be used in 

28 die printed ciicmt board industry to perftm direct imagi^^ 

29 data provided by computer systems, 

31 Accordingly, die scope of die present invention should be determined not by die 

32 embodiments iltostrBied. but by die iq^iended dato 
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CLAIMS 

1 1. In an imaging system including a somce of illnminarion, ill mrrinari on optics, : 

2 masking device, and piqjecdon opncs for dii e ctin g Ii£^ passing ^agb said masking 

3 de\ice onn> a target sntface, an inqnoved masking device comprising: 

4 . . T"*^"g fomaing a ti q n id crystal micro azzay indnding a plmality of contigaoa* 

5 discreet programmable pixels wherein each of said pixels functions as a li^t valve foi 

6 the light directed onto said target surface; and 

7 means responsive to externally generated input control signals for individuall} 

8 controlling in real time the optical li^t valve state of each of said pixels. 

1 2. An izxiproved masking device as recited in claim 1 wherein the size of the image 

2 of each of said programmable pbcels on the target surface is equal to or is a sub 

3 multiple of the minimum feature size to be generated on the target surface. 

13. An improved masking device as recited in claim 2 wherein adjacent pixels are 

2 separated by gaps of predetermined width and wherein the width of the gap betweec 

3 any two adjacent pixels is less than the minimnm size which can be resolved by said 

4 optics so that patterns imaged on a target surface are free of gaps between adjaceni 

5 pixels. 

1 4. An inqnoved masking device as recited in claim 1 wherein said liquid crystal 

2 micro array is conqsnsed of: 

3 a transparent primary substrate coated on one side with a transparent conductive 

4 film patterned to form an array of pixel electrcxles and coated on a second side with t 

5 light-polarizing film; 

6 . a transparent secondary substrate coated on one side with a continuous transpareni 

7 conductive film farming a common electrode for said array of said pixel electrodes and 

8 coated on a second side with a li^t^polariamg film; 

9 fnf^Tif for precisely spacing aligning said prunary and said secondary 

10 substrates parallel to each otiier so Oat said one sides form the opposite sides of a fla 

11 sealed chn i nl ia' ; 

12 a liquid crystal material disposed witinn said chamber; 

13 an arrav of transistor switches formed on die surface of said primary substrate anc 



I 
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14 confignred such that each of said switches is assodaicd with one of said pixel 

15 electrodes; 

16 a set of electronic control lines ftamed by conductive material deposited on the 

17 soxface of said pdmaxy substrate; 

18 a set of electronic data lines fomaed by conductive material deposited on the 

tr 

19 surface of said pximary substrate; 

20 means for interconnecting the control electrode of each of said transistor swixchcs 

21 to one of said control lines; 

22 means for interconnecting each of said pixel electrodes to one of said data lines 

23 via an electronically switchable connection made by one of said transistor switches; and 

24 means for coupling said input control signals to said control lines and said data 

25 lines. 

1 5. An improved masking device as recited in claim 4 wherein for the purpose of 

2 reducing the effective sheet resistivity of said common electrode, said secondary 

3 substrate furtiier includes an opaque conductive film patterned over tiiose areas of said 

4 secondary substrate delineated by tiie shadow of die space not occupied by the pixel 

5 electrodes on said primary substrate when said programmable masking device is 

6 operated under intended illumination conditions. 

1 6. An improved masking device as recited in claim 5 wherein for die purposes of 

2 providing a precise optical definition of the edges of each of said pixels in said micro 

3 array, die transparent area of each of said pixels is optically defined by die edges of 

4 said opaque conductive f formed on said secondary substrate. 

1 7. An inqjroved masking device as recited in claim 6 and funher including a discreet 

2 color filler qpticaUy associated with each said pixel, die color of each said color filter 

3 being' selectedi from the' group consisting of red. green and blue colors, said color filters 

4 being respectively positioned relative to adjacent color filters such diat a particular 

5 grouping of said color filters define a pattern which is repeated over said micro array 

6 of programinable pixels. 

1 8. An improved masking device as redied in claim 4 wherein said array of transistor 
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3 pixel electrodes, and at least one secondaiy oansisior swiidi assodaied wixh each of 

4 said pixel electrodes as means of providing iransistar switch redundancy, and further 

5 including means for snbstLmting tiironi^ altemanve iniBrconnecdons. one of said 

6 secondary transistor switches for one of said primary transistor switches. 

1 9. An improved masking device as recited in Haim 4 wherein Tor each 

2 intercoimection focmed via said control lines and said data lines at least one ahcmate 

3 interconnection is provided. 

1 10. An improved masldng device as recited in claim 9 wherein said alternative 

2 interconnections are created by forming said control lines and said data lines with 

3 multiple layers of conductive material direcdy superimposed upon each otho- with each 

4 layer being generated widi a separate photoliihographic operation as a means of 

5 statistically insuring that defects on one layer do not coincide with defects on another 

6 layer, in mm statistically insuring that said control lines and said data lines are free of 
undesirable discontinuities. 

11. An improved masking device as recited in claim 9 wherein said alternative 
interconnections are created by locally deposited a bridging metal trace over any 
discontinuity identified in said control lines and said data lines. 

12. An improved masking device as recited in claim 4 wherem said primary substrate 
is extended to include an area laying outside the periphery of said micro anay, 

a set of drive integrated circuits disposed upon said area and providing means for 
controlling the optical light valve state of each of said pixels; 

a set of interface integrated circuits disposed upon said area and providing 
for interfacing and data linking said drive iniegrated drcnits to an exional coir^uter 
system for electronically processing and generating the desired patterning ^ata; 

a multi-layer metalization system formed upon said substrate within said area; 
a set of bonding pads formed upon said substrate within said area providmg 
means for connecting said set of drive integrated drcnits and said set of interface 
integrated diuuits to said mnliiple layer Tn^tait-ra^^ti system; 

means for connecting said set of control lines and said set of data lines to^ 
aouiuuiiate ooints on xaid mnltinlft Iavrt mAt»lt99*inn wct^rrr 
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14 a set of piobi&g pads fonsed upon said subsaate within said area piovidini 

15 m nm% far connecting external test systems to sppsapdast test points of said multip le 

16 layer mcializarion system, said test points being such as to provide means far testing 

17 the mtegrity of die dectronic system of said programmable masking device; and 

18 means for connecting said set of intoface dicoits to a data communications 

19 connector system incorporated in said primary substrate wherein said data 

20 coimnunications coimector system can provide an intercoimection to an external data 

21 commnnications link providing access to said external computer systeno. 

1 13. An in^ved masking device as ledted in daim 12 wherein said data 

2 communications connector system indudes a coupling device for each data 

3 communications line and wherein die physical components of the transmitter portion 

4 and the recdver portion of said coupling device are physically isolated from each other 

5 so as to insure that no mechanical strain is applied to said programmable masking 

6 device by said connector system. 

1 14. An inqjTOved masking device as redted in claim 13 wherein said transmitter 

2 portion is an infirared transmitting device and said receiver portion is an infiared 

3 receiving device. 

1 15. An improved masking device as xedted in claim 4 wherein said means for 

2 conaroUing the ligfat valve state of each of said pixels indudes means for contrdling die 

3 voltage applied between each of said pixel electrodes and said common dectrode 

4 thereby providing means for modulating the transparency of each of said pixels. 

1 16. An inqiroved masking device as redted in claim 15 wherein said means for 

2 controlling the voltage applied between each of said pixd electrodes and said common 

3 dectrode indudes a digM-to-analog conveiter drcuiL 

1 17. An iniproved masking device as ledted in daim 1 wherein die optical 

2 characteristics of each said li^t valve ace conq}atible widi their use in conjunction with 

3 photolithographic exposure systems q)erBting widi ultraviolet illumination in the range 

4 of 240 to 470 nanometers. 
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1 18. A znediod for testing the inssgaxy of die tiansistar switches of a programmable 

2 ttincirifig device mr^^^^^g a micro axzay of disoete pixel electrodes disposed in an 

3 orderly anay of rows and colnmns on a transpazent sabstraie forming one wall of a 

4 chamber containing a liquid oystal material, a first set of electrical conductors disposed 

5 to overlay rows of spaces separating adjacent rows of said electrodes, a second set of 

6 electrical conductors disposed to overlay columns of spaces between said electrodes 

7 directed csrthogonal to said rows of spaces and an array of transistor switches, each of 

8 which is disposed proximate on liie intersection of ones of said first and second 

9 conductors and electrically connected thereto for selectively applying a controlled 

10 voltage to a selected pixel electrode, coxzqmsing the steps of 

11 defining by means of photolitiiogratphic processes a set of electrical 

12 intcrcoimections linking each of the electrodes of each of said transistor switches in 

13 said array to a set of probing pads on the periphery of said micro array, said set of 

14 probing pads providing means for electrically accessing each of said transistor swtchcs; 

15 performing prcdcierauncd electrical tests to establish the integrity of each of said 

16 transistor switches; and 

17 removing by means of photolithographic processes the portions of said electrical 

18 iiitercoimections which have no further use in the final configuration of said 

19 programmable masking device. 

1 19. A method for substimting the interconnections of any primary transistor switch of 

2 a programmable masking device which may be defective by making interconnection to 

3 a matching secondary transistor switch in a micro array of discrete pixel electrodes 

4 disposed in an orderly array of rows and columns on a transparent substrate forming 

5 one wall of a chamber containing a liquid crystal material, a first set of electrical 

6 conductors disposed to oveday rows of spaces separating adjacent rows of said 

7 electrodes, a second set of dectrical conductors disposed to overlay colnmns of spaces 

8 between said ei^trodes directed ortiiogonal to said rows of spaces and an array of 

9 transistor switdies, each including a primary transistor device and a secondary tranastor 

10 device disposed irnmir^^ on the intccsection of ones of said first and second 

11 conductors and electrically connffrird thereto for sdectrvdy qiplying a controlled 

12 voltage to a selected pixel electrode, conrrprising tiie st^s ot 

13 xemoving by rrr**"^ of selective p hritfi]^jiii > ^ j |ap hic pro c ess es the portions of tfa& 
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15 priimry transistor switch whicli has no farther use in the final configuration of said 

16 programmable masking device; and 

17 defining and generanng by means of selective photo-Uthogrq)hic processes an 

18 alternative set of inttr-comiections to each said secondary transistor switch which will 

19 be reqoircd to operate in place of a corresponding primary transistor switch found to be 

20 defective. 

1 20. A mediod of direct irnaging onto a target surfiux patterns defined by pa^ 

2 data provided by a canapvax system, conqnising the steps of: 

3 providing a source of ill nminarion; 

4 providing a programmable masking device including a liquid crystal micro array 

5 having a pluraHty of contiguous discrete programmable pixels responsive to electrical 

6 inputs and each of which pixels functions as a Ught valve for bloddng or transmitting 

7 Ught; 

8 providing means' for directing Ught from said Ught source tiirough said maskmg 

9 device and onto said target surface; and 

10 providing electronic means for selectively programming each of said 

11 programmable pixels so tiiat Ught passing tiirough said masking device forms a desired 

12 image on said target surface. 

1 21. A metiiod of direct imaging onto a target surface as recited in claim 20 wherein 

2 said target surface is photosensitive and is a partemed substrate and wherein tiie image 

3 cast onto said substrate is used to photoUtiiographically repair patterning defects 

4 previously identified on said patterned substrate. 

1 22. A mefliod of direct imaging onto a target surfece as recited in daim 20 wherein 

2 said target surface is photosensitive and die Ught passhig tinough said masking device 

3 is used to alter tiie functionaUty of a soUd state circuit formed upon said target surface 

4 by altering spedfic patterns on said soUd state circuits in response to digital data 

5 generated by said computtr system and input to. said masking device to control ti>e 

6 pattern of generated tiienby. 

1 23. A method of direct imaging onto a target surface as ledted in daim 20 wheros 
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3 said target surface to have specific patterns altered tiiexeon in response to electronic 

4 signals ixtput to said masking device by said coniputer system. 

1 24. A method of dixea imaging onto a target surface as recited in claim 20 whersir 

2 said target surface is photosensitive and farther comprising die step of cnqjloying saic 

3 image to produce custom solid state circuits by generating die specific paitcrtfs lequircc 

4 for production thereof direcdy fiom digital data provided by said computer system. 

1 25. A mediod of direct imaging onto a target surface as rcdted in daim 20 whereir 

2 said target surface is photosensitive and farther conqnising the step of employing saic 

3 image to change from site to site die patterns printed on a substrate wi± die use of z 

4 step-and-repeat exposure system. 

1 26, A method of direct imaging onto a target surface as recited in claim 20 whereir 

2 said targei surface is photosensitive and further includiag the step of employing saic 

3 image to produce electronic inter-connections in electronic devices disposed on saic 

4 photo-sensitive target surface. 

1 27. A metiiod of direct imaging onto a target surface as recited in claim 20 wheteii 

2 said target surface is a visual projection screen and wherein each pixel of the projectec 

3 image corresponds to digitiaced video infipnnation input to said masking device fiom ; 

4 computing system. 

1 28. A method of direct imaging onto a targei surface as recited in claim 20 whercii 

2 said prograrmnable pixels are formed by pixel electrodes and a common electrod 

3 having a liquid crystal material disposed tiierebetween and further comprising the stej 

4 of: 

5 controlling the voltage applied between said pixel electrodes and said commoi 

6 electrode to control tiie li^ valve state of each of said pixels diereby providing mean 

7 for modulating the transparency of each of said pixels. 

1 29. A mediod of direct imaging onto a target surface as redted in daim 28 an 

2 furtiier couipiising die step ofi 

3 Tunvidinir n diffital-to-jiniiln^ can ver t ft r f .i i p.ni t *nr nrmtmlltno' tim vnltAffe anolie 
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4 between each of said pixel electrodes and said coxnmon electrode. 

1 30. A method of direct imaging onto a target surface as recited in claim 20 fo: 

2 generating in real time three-dimensional digitized video images by causing saic 

3 programmable masking device to alternatively develop cross-polarized images which 

4 when viewed witii polarizing cye^asses a^jpcar to a viewer to provide a threc- 

5 (ji fffnyinnfll image. 

1 31. A metiiod of direct imagmg onto a target surface as recited in claim 20 and 

2 further comprising using said masking device to generate, in real time, hologr^hic 

3 images in response to digitized holographic video data input thereto from a computing 

4 means. 

1 32. A method of direct imaging onto a target surface as recited in claim 20 wherein 

2 said target surface is photosensitive and furtiier comprising projecting tiie image cast by 

3 said masking device into a printing means to reproduce on paper digitized video images 

4 corresponding to digitized video signals input to said masking device from a computing 

5 means. 

1 33. A metiiod of providing a masking device for use in conjunction witii a source of 

2 iUumination. iUumination optics, and exposure optics for directing light tioough said 

3 masking device and onto a target surface, coniprising the stqjs ofc 

4 providing a transparent primary surface coated on one side witii a transparent 

5 conductive film patterned to form an anay of pixel electrodes and coated on a second 

6 side; witii a light-polarizing film; 

7 providing a transparent secondary substrate coated on one side witii a continuous 

8 transparent conductive film fonning a common electrode for said array of pixel 

9 electrodes and coated on a second side with a light-polarizing film; 

10 providing means for precisely spacing and aligmng said primary and said 

11 secondary substrates parallel to each otiier so tiiat said one sides foim tiie opposite 

12 sides of a fiat sealed chamber, 

13 providing a liquid crystal material disposed within said chamh er; 

14 fosming an array of transistor switches on the surface of said primary substrate 
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16 electrodes; 

17 fanning a set of control lines by dqxisiting condoctivc maffaial on the snzface of 
IS said pzixnaxy substrate; 

19 fonning a set of data lines by depositing condncdve material on the surface of 

20 said primary substrate; ^ 

21 providing means for interconnecting ^ control electrode of each of said transistor 

22 switches to one of said control lines; 

23 providing means for interconnecting each of said pxxcL electrodes to one of said 

24 data lines via an electrically switchable cozmecdon made by one of said transistor 

25 switches; and 

26 providing a means for coupling input control signals to said control lines and said 

27 data lines. 



1 34. A method of providing a masking device as recited in claim 33 and further 

2 comprising the step of: 

3 reducing the effective sheet resistivity of said comxnon electrode by providing an 

4 opaque conductive film on said secondary substrate over those areas of said second 

5 substrate delineated by the shadow of the spaces separating the pixel electrodes on said 

6 primary substrate when said programmable masking device is operated under intended 

7 illumination conditions* 

1 35. A method of providing a masking device as recited in claim 34 and further 

2 coznprising the step of: 

3 optically defining the edges of said opaque conductive film formed on said 

4 secondary ^strate to provide a precise optical definition of the edges of each of said 

5 pixels in said xnicro array. 

1 36. A method of providing a masking device as recited in claim 33 and furtiier 

2 comprising the step o^ 

3 providing a discrete color filter in optical association with each said pixel 

4 electrode, tiie color of each said color filter being selected from die group consisting of 

5 red, green and bine colars, said cdar filters being xespectivdy positioned relative to 

6 adjacent oolar fOtea sncfa tbai a iMirticntar grooping of said odlor fikca defines a 
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1 37. A method, of providing a masking device as icciied in claim 33 and funfaer 

2 conqjiising the st^s of: 

3 configuring said array of transistor switches to have one primaiy transistor switch 

4 and at least one secondary transistor switch associated with each of said pixel 

5 electrtxies to provide transistor switch zednndancy; and 

6 providing means for snbstimting. through alternative interconnections, one of said 

7 secondary transistor switches for one of said ptimaxy transistor switches. 

1 38. A method of providing a masking device as recited in claim 33 and further 

2 comprising the step of: 

3 forming at least one altcraarive interconnection for each interconnection fonned 

4 via said control lines and said data lines. 

1 39. A method of providing a masking device as recited in claim 38 and finther 

2 comprising the step of: 

3 creating said alternative interconnections by forming said control lines and said 

4 data lines with multiple layers of conductive material directiy superimposed upon each 

5 other witii each layer being generated by a separate photo-litiiographic operation as a 

6 means of statistically insuring tiiat defects on one layer do not coincide with defects on 

7 anotiier layer so as to statistically insure tiiat said control lines and said data lines arc 

8 fiee of undesirable discontinuities. 

1 40. A metiiod of providing a masking device as recited in daim 33 and furtiier 

2 coQ^rising die step of: 

3 repairing dTsnT"*^""^*^'^ in said data lines and said control lines by locally 

4 depositing a bridging metal trace over any discontinuiQr identified therein. 

1 41, A n»tiiod of providing a masking device as recited in daim 33 and further 

2 corrqiriang the steps of: 

3 yy^^Tifig said primary substrate to include an area on the periphery of said micro 

4 array fomnng a multilayer metalization system in said area; 

5 disposing a set of intBgrated driver circuits upon said area to provide means fn: 
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7 disposing a set of integrated intnfacc drcmts upon said azea to pxovide means fa 

8 intezfadng and data-linking said integxated dnver drcmts to an external compute: 

9 system for electronically processing and generating desired patterning data; 

10 forming a set of bonding pads to provide means for connecting said set o: 

11 integrated driver circuits and said set of integrated interface circuits to said multiple 

12 layer metalization system; 

13 providing means for cormecting said set of control lines and said set of data lines 

14 to appropriate points on said multiple layer metalization system; 

15 providing a set of probing pads in said azea to connect external test systems to 

16 appropriate test points of said xmildple layer metalization system, said test points being 

17 such as to provide means for testing the electrical integrity of said programmable 

18 masking device; and 

19 providing means for connecting said set of interface circuits to a daa 

20 communicanons connector systetn incorporated in one of said substrates to provide an 

21 inter-connecnon to an external data comimmication iinir providing access to an external 

22 computer systerxL 

1 42. A method of providing a masking device as recited in claim 41 and further 

2 con^jrising the step of: 

3 providing a coupling device for each data comirmnications line in said connector 

4 system and for causing the physical con5)oncnts of the transmitting portion and the 

5 receiving pcntion of said coupling device to be physically isolated from each other so 

6 as to insure that no mechanical strain is applied to said progranmiable masking device 

7 by said connector system. 



1 43. A method of providing a masking device as ledted in daim 42 and &rther 

2 compiising die step of: 

3 providing an infrared transmitdng device fior use in said transmitdng pornon and 

4 providing an infrared receiving device for nse in said receiving portion. 

1 44. A mediod of providing a masking device as recited in gigim 33 and further 

2 comprising die st^ ofr 

3 controlling the voltage i^Iied between said pbcel electrodes and said common 
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.^^^nev of each of said pixels. 
5 for modulating tiie transparency 01 w»u 

« redied in claim 44 and further 

1 45. A method of providing a masking device as leaiea 

2 conqjtising the step of: controlling the voltage a5>plied 

3 pn,viding a digital-to-analog converter cncmt for 

^ r 'A electrodes and said common electrode. 

4 between each of said pwelelectroaes ana* 

^ - as recited in claim 33 and further 

1 46. A method of providing a maskmg device as reatea 

2 comprising the step of: ^ -^.^^ 

3 selecting the ^P^^. J^^^^^^^ ultraviolet illuminadon in 

4 its use in conjuncnon with exposure systems opexaonB 

5 the range of 240-470 nanometers. 
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Group T. Claims 1-17 and 20-.-??. drawn r.o an imagimj .^y ;L«in 
which emplovs a programmable masking devinn ai.ti 
method of using, classified in Class 430, Snbttlass 
5 which have been included together b«caufie they 
possess unity of invention under PCT Rule 13. 

Croup II. Claim 18 drawn to a method for testing the integriry 
of transtsror switches classified in Class 3)0, 
Subclass 331 R. The inventions of Groups T and IT 
are related as process of making and product wad*?. 
The method of Group II can be used to mak.- a 
materiallv different product such as a Utiuid 
crystal display device. Applicant has provided no 
evidence that the transistor switches of tht Oroup 
I svstem cannot be tested using methodology oth-ir 
thaf set forth in Group II. Groups I and IT are 
lacking unity under PCT Rule 13. 

Group TIT. Claim 19 drawn to a method for substituting switch 
connectors classified in Class 350, Subclass 333. 
The inventions of Groups ITT and T are related as 
process of making and product made. The metlioJ ■-.>( 
Group TIT can be used to make a materially different 
product such as a liquid crystal display device. 
Applicant has provided no evidence that Group ITT 
method of effecting switch connection substitutions 
cannot be performed by other well known in the art 
techniques. Groups TIT and T are lacking of unity 
under PCT Rule 13. 

Group IV. Claims 33-46 drawn to a method of providing a 
masking device classified in Class 350, Subclass 333 
and Class 340, Subclass 784 i The inventions of 
Groups IV and Group I are related as a process of 
making and a product, made. The product of Group T 
can be made using art recognized methods otehr than 
those specifically deleneated in Group TV. 
Applicant has provided no evidence that the 
particular steps specified in Group IV are critical 
to producing the imaging system of Group I. Groups 
IV and I are lacking of unity under PCT Rule 13. 
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